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X17] cH= EX|Yo| 2827 Console?| 217F2SHE =7} 81 M|

2. Keyboard/trackball2] 8=z IX|
monitor M= ZtE 2

1. Console®] table Y monitor X|$= A A

Secondary |
monitor 66 mm
Primary 101 mm 95 mm
monitor

1410 2o p 3. Monitor screen2| glare E7}

(850 ~ 1,090 mm) " }
,000 mm EF 1

650 mm

F S

Optimal
(acceptable range)

19 mm

350 ~ 1,500 mm)

650 mm
(640 ~ 680 mm)

& G50
S7H: 50 mm

1,561 mem




A7 WL

.‘ = Design equation
: = Literature review 90%
= =
01 ; O

= Virtual evaluation

T{

= Usability test: 1t

LIGNex1: 7| =0t POSTECH: 1st7HMQt LIGNex1: &1+t

. 4m | Usability test: final ﬁ ¢ 4 Usability test: 2nd

HE27t 87t

=
= AX 2EX 7t

POSTECH: X|Z¢t i POSTECH: 2nd 7410k

02 <

Xl

[

=
S




™It CA: 7]+ Console




7|& Console ®7}: Design Equation - A4 Ex%}

A4 ol tH 4
(design dimension) (Body dimension)
a0 cl
g 7Exy || CHESAHEE
(design reference posture) (RMESENEE
humanoids)

ofickz| ekl =&3} £0| Y
——— —_—
Seat height = BD1 x sin (AD1) - BD2 x sin (seatpan angle) + 2.5
MA DAl
BD1: popliteal height = o 1
BD2: buttock-popliteal length

AD1: knee flexicn angle (design equation)

AD2: hip flexion angle
y SRP: seat reference point

Bisr conk can




7|Z& Console ™7}: Design Equation - A#| ==

O Table 2t 474X A H, MA

Design(gig;ension Code
Width DDO1
Front-depth DDO2
Rear-depth DDO3
Height




7|Z& Cconsole ®7}: Design Equation - Q& H

O Console 2 o|Xt At HELEl 107FX| QK| H7 M

NASA Body dimensions
dimension y Code
(BD)
no.
23 Acromial height BDO1
122 Bideltoid breadth BD02 BDO1
- Forearm breadth* BDO3
Forearm-to-forearm
378 breadth BD0O4
381 Forearm hand length BDO05
Elbow-wrist length*
- = forearm hand length BDO6
— hand length
459 Hip breadth, sitting BDO7 312
200 Buttock-popliteal length | BD08
529 Knee height, sitting BD09
751 Upperarm length BD10
* o QN2 2E AL

http://msis.jsc.nasa.gov/sections/section03.htm BDO9
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7| =& Console "7} Design Equation - CHE 1N 22 (1/2)

0 AATHAQIT: 3H 0l 20T ~ 30T (28R QI TEY S4 1)
O QN ZHEXIE: Size Korea (2010)

O OEQNEE 449 2H

v X 28X} 5th 50t 951 percentiles
v 0|2 28Xl 20F 22| 95t percentile (= 99t percentile)

5thosile 50t%ile 95t%ile 99t%ile
(163.5cm) ' (172.7cm) | (182.0cm) (186.2 cm)




7| = Console ™7} Design Equation - CHEQIA| 2 & (2/2)

O HENZE dds flet 1771 eINEH- 27

(unit: mm)

No. Body dimension 5M%ile 50" %ile 95" %ile 99" %ile
1 | Stature 1634.5 1727.0 1820.0 1861.5
2 | Abdominal depth 169.5 206.5 260.0 288.5
3 | Acromion height 1313.5 1394.5 1478.5 1513.0
4 | Arm length 540.5 584.5 629 653.5
5 | Biacromial breadth 364.5 397.5 429.5 446.0
6 | Bideltoid breadth 434.5 469.5 515.0 533.0
7 | Buttock-knee 537.0 577.5 619.5 639.5
8 | Elbow rest height 222.5 262.5 303.5 321.0
9 | Hand breadth 75.5 82.5 89.5 92.5
10 | Hand length 171.5 184.5 197.5 203.0
11 | Hip breadth 301.5 326.5 357.0 369.0
12 | Shoulder-elbow 308.5 335.5 362.5 378.0
13 | Sitting acromial 559.5 602.5 646.5 665.0
14 | Sitting eye 768.5 817.5 869.0 888.5
15 | Sitting height 881.0 930.5 983.5 1004.0
16 | Sit knee height 483.5 519.5 558.0 575.0
17 | Thigh clearance 134.5 156.5 181.5 192.5
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Computer workstation AHE XA Of LS 7| & 23 (12

A A 7| =Xt AM| (design reference posture) 28

7|& Console 87}: Design Equation - A 7| & XA

s\ =
S)= oo
Body part Motion Posture. References Recommended Determined
recommecdation (°) posture range (°) posture (°)
Neck*  |Flexion (+)/extension(-) 34~ 65 Grandjean et al. (1983) 245 ~ 65 35
245 ~ B5 Kim et al. (1991)
0~25 Chaffin and Andersson (1984)
Flexion (+)/extension(-) 0 ANSUHFES (2007) 0~25 13
13 Geandjean (1987)
Shoulder
23 Salvendy (1987)
Abduction(+)/adduction(-) 0~ 25 Chaffin and Andersson (1984) 0~ 25 13
8~ 23 Salvendy (1987)
Cushman (1984); Grandjean et
70 ~ 135 al. (1983); Miller and Suther
Ebow  |Flexion (+)/extension(-) (1981); Weber et al. (1984) 70 ~ 135 80
90 AMSI/HFES (2007)
99 Salvendy (1987)
75 ~ 125 Grandjean et al. (1983)
Hedge el al. (1995); Keir et al.
Wrist Flexion (+)/extension(-) -10 ~ 30 (1995); Rempel and Horie {1994); -10 ~ 30 10
Weiss et al. (1995)
> 90 Chaffin and Andersson (1984)
Trunk**  |Flexion (+)/extension(-) 104 Geandjean (1987) 90 ~ 110 95
100 ~ 110 Salvendy (1987)
90 AMSI/HFES (2007)
Hipx* Flexion (+)/extension(-) 0 AMSI/HFES (2007) 0 0
Kneek* Flexion (+)/extension(-) 90 AMSI/HFES (2007) 90 90

* Angle between vertical line from cervical and line linking cervical and tragion
** Angle between transverse plane and corresponding body part

13




7|Z Console 87}: Design Equation - 24|54

QO 7|& A @3 (Jung et al., 2007; ANSI/HFES, 2007)S & 13510] A 7| B 4=9}

CIN|H==7Fo| 7[5tetA Attt S 1245t0 EASA 7
Design

Classification dimension Code Design equation
(DD)

bideltoid breadth of 99"%ile
+ upperarm length of 99"%ile x sin(13)°
Width DD0O1 |+ 32*
=533 + 85 + 32*
=650

forearm hand length of 50"%ile
+ upperarm length of 50"%ile x sin(13)°

Table Front-depth DD02 | _ 450 + 75
=525

popliteal height of 99"%ile P -

+ tight clearance, sitting of 99"%ile Q L;r:‘ |
Height DD04 |+ 25*(heel) + 23* oM e AR
= 460 + 192 + 25* + 23* Bt a
= 700 s

* Allowance X el mm
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7|ZE Console 87} Literature Review - ANSI/HFES(1/2)

O Clearances ‘2 H X[ & (ANSIHFES 100, 2007)

Reference Point

44 cm Reference Point

[ (17.3in)

—

=

T
50 em
(19.7 in)

.
Ay
A

LY
\\ l‘

- 7

P\ ’i .....
SR 10 S
--------------------- s.om (At least) : J

I
69 cm
(27.2iin)

64 cm
(25.2in)

----------

.
STes
LT
.

"~ 52cm 60 cm ,—J M. 52
(20.5in) N am 60
(23.6 in) (20.5 in) ~ em

. (23.6in)

Minimum Maximum

. adjustable




7|ZE Console 87} Literature Review - ANSI/HFES(2/2)

O Monitor support surface & Al X| & (aNSIHFES 100, 2007)

v

Should v

Specify the size and weight of monitor that can be accommodated by the support surface
because monitor support surfaces may not be compatible with certain-sized monitors

Specify the range of adjustment if the support surface is adjustable

Be designed so as to allow placement of the viewing area of the screen at a minimum viewing
distance of 50 cm (19.7 in.)

Be designed so as to allow placement of the monitor’s viewing area below the user’s horizontal
eye height

Be stable during use

Not interfere with the user’s ability to adjust the height, tilt, and rotation of the monitor




7|= Console ®7}: Literature Review - Humanscale

0 Humanscale(1981)2| visual displays & A 2t X| &

v Important display location: within 30 cone

v Cautionary display location: within 60 cone

= &= 72| display =0|E Z=A =™
2 & important display location2| 30

cone O|LHE A = U= AL E

x
==t




7|& console ®7}: Virtual Evaluation - A|A|4d

Secondary monitor & EF =& A|OFZf H L|: 30° ~ 47°
Primary monitor2t secondary monitor A =% A|Op2ZF Q| 0° ~ 17°

Primary monitor ot tF = %] A[OF2} & 2|: -13° ~ -30°

U O O O

Primary monitor % % A|ofZt H9|: -1° ~ -16°

95fh%i|e )
iy

---------------------
.....

99t%%ile

30°

Q
"y
.
L

80 cm

= Primary monitor & 2 0{| Cif St 50M%ile | =% A|OFZf O] -15°ansimeesioo, 20097 | E| 7|
I8 A= monitore| =0|E 7cm FFH &[= Ao 2 FAME



7|Z= console @7}: Virtual Evaluation - =&

0 PEOEQNEZEE keyboard CHSIY S23| & 7ts58

0 BE (HEQINBYE trackballd] Chot0] ZLO| 7H5otLt TS Wojof Slo2 EHE

U= (MIL-STD-1472G 7} M| 2FSt= =[Cf AHE| = 25 cm)

| 50t%bile ' ' 95th%pile 99™%bile

= Console table2| width= 99"%ijle 2] O177H'—‘| H|EEF H2 Ao 2 LIEISGOLE

2ES0| 52 42 widthE 5cm = &dl= A0 A&




7}: Virtual Evaluation - o4

8

7|= Console

CH 2 Q1A 2 2 o

L=}
—

= N&ots A2 = LIEtLE 2

O 99"%ilelf| Al = XA 8 cm2| O

ol

99t%ile

|
95thopile

50t%ile




7|Z& Console ®7}: 1stUsability Test - 2t

O 2K 20 ~ 30CH Hd 10H (@3: 20.7 + 2.8M; A1%:173.0 + 6.3 cm)
0 E7HEE: console EA =0t2| 571HX| £/ 0] CHH

(=UEY 32 7/MubietE 20&)
Secondary

monitor

Primary

monitor

Height = 650
=+ Height = 600



7| = Console ™7}: 1st Usability Test - 21}

= 5~10cm S=(40%)
= 10~20cm Y=(20%)

2
A

MHI
r2
A

Secondary
monitor
Primary
monitor

= 10 cm SHE(40%)
= 20 cm SHE(10%)

= 5~10cm & (60%)
= 20 cm S9(20%)

= 10 cm S AH|(20%)
= 20 cm S AH|(10%)

10 cm &= 2 (60%)
5cm =2 (40%)




7|= Console E7}: 1stUsability Test - 7§ M2t

Secondary
monitor
Primary
monitor

7 41Qt: acceptable 7 M1Qt: ideal
(ZBHE 40% 0| 491 °| 7 +8) (Z8HE 70% 0| 491 ©| 7 +8)

ot

= Display =0|& X8 HES2 =20 58T & A0 HES2| /XS

keyboard 220 2 X St= Z{0| HEE
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7|& Console 87} Summary - Design Recommendation

Evaluation & Analysis Recommendation
e Design Current
Classification dimengion Trereiar Design Usability Virtual ANSI/HFES | Humanscale deal ﬁ\?ﬁgigg:g
equation test evaluation 100(2007) 4/5/6(1981) :ange
‘(’r‘gfrf;‘ 580 650 680 640 > 520 . 650 | 640~ 680
(Frm;-denth 515 525 475 515 > 440 - 500 475 ~ 525
Table S
Height: S 800 700 750 800 - 750 700 ~ 800
(mm)
o
(anr'g;“' oret 760 700 700 760 | 500 ~ 690 - 700 650 ~ 760
Central
. 950 1,090 - 950 ~ 1,090
Primary height (mm) 1,160 1,000
monitor Tilt 0~20
angle (%) 11 ) 1~16 15~20 <30 15 (adjustable)
Central
. 1,350 1,500 - 1.41 1,350 ~ 1,500
Secondary height (mm) 1,570 410
monitor Tilt 15~ 35
angle (%) -17 - 33-16 <60 151 adjustable)
) o o + -
= A2 HIE 7t =2 trackball2 Ho|d A 2510 sy

= H=529| ?IXl=
Hi X[ol= A 0| &

S TS
eSO 2 15 cm &= mi-stp-14726) 0= 0| K| €t

CEY =S florY




POSTECH Console: 15t Desigh Recommendation

Secondary
monitor

Primary
monitor




2nd Usability Test: 2

O HIICHAR LIGNex1 7| = vs. POSTECH 70 vs. LIGNex1 Al
s AlS MO
= H =
S1. A 27l (23) . zzg ggw A
Y HHH. X =X
Ol M| =X (= . =

s2. 2N £3(5:) . A7 207 9es| gtesso| 2O,
QT4 L0, ZHLBA|EBLB A0,
Q| TFALO| L H|, THE X|ALO| LA H|, Of 7 L ]

S3. M& o|Xt =0| ZH(1E)

v

S4. W7t AEX| Ad(158)

A 4

S5. U= X H 4= It

» M3 QX|: keyboard & trackball
MS ZtE: 2 displays

12

(=)
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2nd Usability Test: =7} CHAF

LIGNex]-7|= rPOSTECH LIG Nex1- M43




2nd Usability Test: A& %0 X}

O ZEZoIL: 20 ~ 300K HHd 20
O QINZZ|:ot=ole| AN H5HE HEY = UESF 339%ilelt 661%ile
7|2'|_SEE I:|'(<)3|:_CI5|'7'” Exl:IEIZII(SiZG Korea, 2010)
33%ile 66th%ile
120 E
: ’,—:’ ------- ® TT-~<l -
110 ”4,—” ~~\\
100 ,,,,,’ i \\“
90 ,,", i E
%_?_7." 30 I' i ® L] .II'
ll o 7 .
(kg) 75.2 - e e ;,r;a-"-i.‘, ------- @ 661M%ile
66.3 ---- bl I‘\-.i.o ————— ,—,4' --------------- 33rd%4ile
60 \\ o '® o
50 \‘*~!~ i i ______ =
40 -_-r -----

1550 1600 1650 i700 lPSO 1800 1850 1900 1950

1688 1744
A& (mm)
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2nd Usability Test: & & &4
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WIS 2K (2/3) - A1ZHE

2"d Usability Test:
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2nd Usability Test: @7HEEX((3/3) - M= fIX] U &




2nd Usability Test: Z1}- 37| W 2t HEH/Y =H

O Z 2 L|E: SY=0|

POSTECH < LIG-7| &

B POSTECH > LIG-7| &
-—)

ZRLE: 7|2 FIZELE: ZL=E0|

——[|G-7| &

—e—POSTECH
——LiG-dI 7t

ot Z R LIE: 7| 2T E|0|=: =0l
é )

LIG Nex1- 712 @)

rPOSTEOCH @

LIG Nex1- 41
\ ©,

H|0|=: Z0]| H| 0| =: L{H]|
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2nd Usability Test: 21} - QIZt3stH M =H

W) POSTECH > LIG-7|E
B POSTECH < LIG-7|Z

AMAE: /I Z 2L EH 24:7|12E

——LIG-7| &
AlA|’d: o2} Z 2 L|E] CEM. EldE —e—POSTECH

—o—LIG-MTt

( )
LIG Nex1- 7| = @

rPOSTEOCH @

01927} oL} LIG Nex1- 44 @
\_ J

N e
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2nd Usability Test: Z1} - SICtZ| 6| S 27 M E2M

0 EIHXFO| 65%(13/20Q)7F POSTECH console(H| 0| & 3}FEF &= 0| = 650 mm)
HL} LIG-7|E console (760 mm)0j| CHSHO 32| O 3372 =4 7t

33'%ile 66"%ile

8
7 .
gicte] 3 =
O SZ7t 4 : —e— LIG-7|Z&(760 mm)
g3 \V% /\\ / —— POSTECH(650 mm)
3
0 s
1600 1650 1700 1750 1800 1850 1900 1950
MZE (mm)

= N3 7|0f| &EE0] O 7SOl B

o
=
POSTECH console®?| E|0|& s}t =0




ond Usability Test: 23} - M3 Keyboard & Trackball 21%](1/2)

74 1. ZI2 Ui X[ (90%)

-

A1 L1

0

1 2: 2o} i X](10%)
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2nd Usability Test: 21} - M3 Keyboard & Trackball £1%](2/2)

0 = AKX 278 LE: =7 HIA 75 (90%)0f CHet B & &=

—

' 650 mm l

66 mm f{ \& — 19 mm

| Lb =
C

101 mm 95 mm




2nd Usability Test: 21} - M3 Display Zt =

0o 10° 0°

| 14.8°
| (10° ~ 21°)

16.4°
4 i (109~ 27°)




Glare 87}: 2D Simulation - Secondary Monitor

LED =¥
A R ST \
'n.: ....... 680
. ...' '.'..,.....E.)?O .
....... <4 Secondary monitor
_ 46
99" %ile’s eye o .
A o R L O ! 0

5hosile’s eyel | ©= A= #lA R g

—“_@ "0 ....
1,561 mm o &

889 mm
769 mm 3
.’0 ..0
Glare 24
{EEEE
o o M =
= 282 XI7} secondary monitorE = Ui
=13 (o) == ATE
glare7f MK = A= HIHE
A A A 3




Glare ®7}: 2D Simulation - Primary Monitor

LED =9
A .,’.
99th%ile’s eye k
e ogx =
5thopile’s ey 28X =
'y ©
1s561mm | | | e Primary monitor
‘ ------------
Glare &4
889 mm s HeY
769 mm “““”--
o : : =
= 2&X}t7| primary monitorE & [Iff glare”t
old d A L T
25 ZdE = Us AR GBIt
A A A




Glare ®7}: 2D Simulation - Primary Monitor (cont'd)

LED =H

1,561 mm

32,
I3
.
NS
N
ol
AN
N
.
.
.
.
.
.
.
.
.
‘e
.

=81t = #IA

99'M%0i1€'S CYC g urrnsrnnsirnnsrrnnssss
1] TTTTnTrrrremmeseeee a.,..
Sthogile’'s eyel | L LL.ceessseeeenrtttt %
yummn © ETTLL L 710

Primary monitor

889 mm

769 mm

= Primary monitor2| Z| & EFE E| Ofef = 2F 5 cm77FA|

glare’} 22 = A= A= It




on

XL
IGN
ex19|
ol
HO|
HA
| =l dimension®
nit =
USHA 5




Glare 97} & H| "H7} - 21}

Monitor screen boundary

Secondary monitor

Primary monitor

99thopile’s view (889 mm) 5thosile’s view (769 mm)
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Glare E7}: Summary

0 Secondary monitor: 5th ~ 99thdgile 22Xt 2 FO| A glare/t ZHSHX| 2

= 12{L}, screen SO X[et F2 HA FF0= A
glare/t A E[X| R0t Al FF0l= 2 XFO| BlE

N = FItE

Primary monitor: 5"%ile’s view




POSTECH Console: 2"d Design Recommendation

Optimal
acceptable range

150 Secondary
(10° ~ 30°) monitor
Primary
monitor

=l 10° ~ 30°
SY=0: ( )

1,410 mm

SY=0[:

1,000 mm
Keyboard Trackball

F— 19 mm

101 mm 95 mm




Discussion (1/3)

nx

A M FESHI HEZ = U= A= 7|H &

Evaluation & Analysis Recommendation
P Design Current ) . Acceptable/ Secondary
Classification : f : . Design Usability Virtual ANSIHFES | Humanscal . - 170 4 m
d d i [ 400 m
imension IMENSIOn - e quation test evaluation | 100(2007) | e4/5/6(1981) Ideal M::i?:"—‘ monitor mm
mﬁt}h 580 650 680 640 =520 - 650 640 ~ 680 500 mm
Primary -
Front-depth 515 525 475 515 > 440 - 500 475~ 525 monitor
{mm}) P
Table A 1 110 400 mm
et 4t 800 700 750 800 - . 750 |  700~800
:'r:r'f}'“ st 760 700 700 760 | 500~ 690 ; 700| es0~7e0 I
Central -
Primary height (mm) 1,160 - 950 1,090 - - 1,000 | 950~1,090 — 317 mm
manitor Tilt 0~20 580 mm
angle (%) " : : il =y s 13 (adjustable)
Central
! - 1,350 1,500 - - , 1,350~ 1,500
Secondary height (mm) 1,570 1,410 |
manitor Tilt 15~ 35
angle (%) -17 : : Er il . e -15 (adjustable)




Discussion (2/3)

O Prototype 7|9F2e| iterative AFE48 E7HAEA - 7t - 7 - BE7I - BIjM)
al A

t
7|Hk0| O17tEEHA console B7F & A A

A =7| TAOM ZAH 70 Ak

OF

152 Mo Tiots 4+ 9US

0

Secondary
monitor




Discussion (3/3)

O &M glare B7| YHE HE
(1) O| 2% 4+H: 2D simulation &7}
(2) AN S =2t = 7|8 Ot

= 2D simulation 7} 2107} K 7t Z101eF S Yot A2 = LIEfLY,
glare 7} Al 2D simulation0| S&5}H &2& = US

.,
»
b
%
b

i
e,

1,561 mm

889 mm

5thogile O] CHSH 2D simulation 21} 5thosileOf| CHSF 2 H| =7 Zot
— Z= monitor 2CF 50 mm O| LY 2t — Z= monitor 2 EF 50 mm O L} 2FAH
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